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Setting the stage...



Motivation

• A SM-like Higgs at 125 GeV renews the urgency of the hierarchy 
problem.  What new physics protects the Higgs mass??

• Supersymmetry is still the best idea for solving the hierarchy 
problem.

• Gauge mediation (GMSB) is still the best idea for solving the 
SUSY flavor problem. 
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Figure 6.7: Some of the diagrams that contribute to K0 ↔ K
0
mixing in models with strangeness-

violating soft supersymmetry breaking parameters (indicated by ×). These diagrams contribute to
constraints on the off-diagonal elements of (a) m2

d
, (b) the combination of m2

d
and m2

Q, and (c) ad.

There are also important experimental constraints on the squark squared-mass matrices. The

strongest of these come from the neutral kaon system. The effective Hamiltonian for K0 ↔ K
0
mixing

gets contributions from the diagrams in Figure 6.7, among others, if LMSSM
soft contains terms that mix

down squarks and strange squarks. The gluino-squark-quark vertices in Figure 6.7 are all fixed by
supersymmetry to be of QCD interaction strength. (There are similar diagrams in which the bino and
winos are exchanged, which can be important depending on the relative sizes of the gaugino masses.)
For example, suppose that there is a non-zero right-handed down-squark squared-mass mixing (m2

d
)21 in

the basis corresponding to the quark mass eigenstates. Assuming that the supersymmetric correction
to ∆mK ≡ mKL − mKS following from fig. 6.7a and others does not exceed, in absolute value, the
experimental value 3.5× 10−12 MeV, ref. [93] obtains:

|Re[(m2
s̃∗Rd̃R

)2]|1/2

m2
q̃

<
(

mq̃

1000 GeV

)
×






0.04 for mg̃ = 0.5mq̃,

0.10 for mg̃ = mq̃,

0.22 for mg̃ = 2mq̃.

(6.4.2)

Here nearly degenerate squarks with mass mq̃ are assumed for simplicity, with m2
s̃∗Rd̃R

= (m2
d
)21 treated

as a perturbation. The same limit applies when m2
s̃∗Rd̃R

is replaced by m2
s̃∗Ld̃L

= (m2
Q)21, in a basis

corresponding to the down-type quark mass eigenstates. An even more striking limit applies to the
combination of both types of flavor mixing when they are comparable in size, from diagrams including
fig. 6.7b. The numerical constraint is [93]:

|Re[m2
s̃∗Rd̃R

m2
s̃∗Ld̃L

]|1/2

m2
q̃

<
(

mq̃

1000 GeV

)
×






0.0016 for mg̃ = 0.5mq̃,

0.0020 for mg̃ = mq̃,

0.0026 for mg̃ = 2mq̃.

(6.4.3)

An off-diagonal contribution from ad would cause flavor mixing between left-handed and right-handed
squarks, just as discussed above for sleptons, resulting in a strong constraint from diagrams like fig. 6.7c.
More generally, limits on ∆mK and ε and ε′/ε appearing in the neutral kaon effective Hamiltonian
severely restrict the amounts of d̃L,R, s̃L,R squark mixings (separately and in various combinations),
and associated CP-violating complex phases, that one can tolerate in the soft squared masses.

Weaker, but still interesting, constraints come from the D0,D
0
system, which limits the amounts

of ũ, c̃ mixings from m2
u, m

2
Q and au. The B0

d , B
0
d and B0

s , B
0
s systems similarly limit the amounts of

d̃, b̃ and s̃, b̃ squark mixings from soft supersymmetry-breaking sources. More constraints follow from
rare ∆F = 1 meson decays, notably those involving the parton-level processes b → sγ and b → s#+#−

and c → u#+#− and s → de+e− and s → dνν̄, all of which can be mediated by flavor mixing in
soft supersymmetry breaking. There are also strict constraints on CP-violating phases in the gaugino
masses and (scalar)3 soft couplings following from limits on the electric dipole moments of the neutron
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as it captures many of the qualitative features that we
will see. We have characterized the scale of superpart-

ner masses with MS ⇤
�
mt̃1mt̃2

⇥1/2
. First, we see that

decreasing tan� always decreases the Higgs mass, inde-
pendent of all the other parameters (keeping in mind that
tan� � 1.5 for perturbativity). So we expect to find a
lower bound on tan� coming from the Higgs mass. Sec-
ond, we see that the Higgs mass depends on Xt/MS as
a quartic polynomial, and in general it has two peaks at
Xt/MS ⇧ ±

⌥
6, the “maximal mixing scenario” [10]. So

we expect that mh = 125 GeV intersects this quartic in
up to four places, leading to up to four preferred values
for Xt/MS . Finally, we see that for fixed Xt/MS , the
Higgs mass only increases logarithmically with MS itself.
So we expect a mild lower bound on MS from mh = 125
GeV.

Now let’s demonstrate these general points with de-
tailed calculations using FeynHiggs. Shown in fig. 1 are
contours of constant Higgs mass in the tan�, Xt/MS

plane, for mQ = mU = 2 TeV (where mQ and mU

are the soft masses of the third-generation left-handed
quark and right-handed up-type quark scalar fields). The
shaded band corresponds to mh = 123 � 127 GeV, and
the dashed lines indicate the same range of Higgs masses
but with mt = 172 � 174 GeV. (The central value in all
our plots will always be mh = 125 GeV at mt = 173.2
GeV.) From all this, we conclude that to be able to get
mh ⇧ 125 GeV, we must have

tan� � 3.5 (2)

So this is an absolute lower bound on tan� just from the
Higgs mass measurement. We also find that the Higgs
mass basically ceases to depend on tan� for tan� beyond
⌅ 20. So for the rest of the paper we will take tan� = 30
for simplicity.

Fixing tan�, the Higgs mass is then a function of Xt

and MS . Shown in fig. 2 are contours of constant mh vs
MS and Xt. We see that for large MS , we want

Xt

MS
⇧ �3, �1.7, 1.5, or 3.5 (3)

We also see that the smallest the A-terms and the SUSY-
scale can absolutely be are

|Xt| � 1000 GeV, MS � 500 GeV. (4)

It is also interesting to examine the limits in the plane
of physical stop masses. Shown in fig. 3 are plots of the
contours of constant Xt in the mt̃2 vs. mt̃1 plane. Here
the values of Xt < 0 and Xt > 0 were chosen to satisfy
mh = 125 GeV, and the solution with smaller absolute
value was chosen. In the dark gray shaded region, no
solution to mh = 125 GeV was found. Here we see that
the t̃1 can be as light as 200 GeV, provided we take t̃2 to
be heavy enough. We also see that the heavy stop has to
be much heavier in general in the Xt < 0 case.
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FIG. 1. Contour plot of mh in the tan� vs. Xt/MS plane.
The stops were set at mQ = mU = 2 TeV, and the result is
only weakly dependent on the stop mass up to � 5 TeV. The
solid curve is mh = 125 GeV with mt = 173.2 GeV. The band
around the curve corresponds to mh =123-127 GeV. Finally,
the dashed lines correspond to varying mt from 172-174.
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FIG. 2. Contours of constant mh in the MS vs. Xt plane,
with tan� = 30 and mQ = mU . The solid/dashed lines and
gray bands are as in fig. 1.

III. IMPLICATIONS FOR THE SUSY
BREAKING SCALE

Having understood what mh ⇧ 125 GeV implies for
the weak-scale MSSM parameters, we now turn to the
implications for the underlying model of SUSY-breaking
and mediation. In RG running down from a high scale,
for positive gluino mass M3, the A-term At decreases.
The gluino mass also drives squark mass-squareds larger

(MS=2 TeV)
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III. IMPLICATIONS FOR THE SUSY
BREAKING SCALE

Having understood what mh ⇧ 125 GeV implies for
the weak-scale MSSM parameters, we now turn to the
implications for the underlying model of SUSY-breaking
and mediation. In RG running down from a high scale,
for positive gluino mass M3, the A-term At decreases.
The gluino mass also drives squark mass-squareds larger

Plots made with FeynHiggs 
(Heinemeyer et al)

mh=125 GeV
mtop=173.2 GeV

A-terms must be large in the MSSM!

tan� & 3.5 MS & 1 TeV |Xt| & 2 TeV

(tanβ=30)



A-terms in GMSB

• Where do A-terms come from in gauge mediation?

• In GGM, they are not generated at LO in the gauge couplings. So 
they are always small at the messenger scale.

db c

a

e
Fig. 1: The graphical description of the contributions of the two point functions
to the soft masses. (a) represents the gaugino mass contribution from 〈jαjβ〉. In

(b)-(e) the various contributions to the soft scalar masses are given: (b) 〈J〉, (c)
〈JJ〉, (d) 〈jαjα̇〉, and (e) 〈jµjν〉. It should be stressed that the blobs in the figures

represent hidden sector correlation functions. The leading contribution in theories

with messengers arises from one loop of the messengers, but in general when there
are no messengers, it is more complicated.

So far we have discussed the simpler case of a single U(1) gauge group here, in the

case of the actual MSSM one has to consider the separate SU(3), SU(2) and U(1) gauge

groups. We will label the gauge groups by r = 3, 2, 1, respectively. If we want the gauge

couplings to unify, then the value of c(r) = c must be independent of r (assuming SU(5)

normalization of the U(1) factor of course) and we want the thresholds C̃(r)
a (0) to depend

weakly on r. Moreover, if we want perturbative unification, then there is an upper bound

on the magnitude of c. These are examples of some completely general constraints on the

SUSY breaking sector that can be derived using our formalism.

Now, it is straightforward to find the sfermion and gaugino masses of the MSSM.

In Figure 1 we show the diagrams involving the current correlation functions which are

responsible for the MSSM soft masses.

The gaugino masses arise at tree level in the effective theory (3.2); to leading order

8

Hidden sector
SUSY+...

SU(3)xSU(2)xU(1)

Visible sector:
MSSM+...

Mr ⇠ g2rbr

m2
f̃
=

3X

r=1

g4r
(4⇡)2

c2(f ; r)ar

A ⇠ g4r
(4⇡)2



Higgs@125 GeV in the MSSM
+GMSB

• Higgs@125 in the MSSM:  A-terms must be large at weak scale. 

• GGM:  A-terms are small at messenger scale. 
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⇒  Run the A-terms up using MSSM RGEs 
to infer the messenger scale!

At > 0 not 
possible in 
vanilla GMSB!



• At  < 0 possible, but requires large M3 and Mmess. 5
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FIG. 5. Messenger scale required to produce su�ciently large |At| for mh = 123 GeV (left) and mh = 125 GeV
(right) through renormalization group evolution.

At = 0 at the messenger scale. Clearly this is not com-
pletely set in stone, and it would be interesting to look for
models of GMSB (or more generally flavor-blind models)
with large At at the messenger scale. This may be pos-
sible in more extended models, for instance in [37] where
the Higgses mix with doublet messengers.
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Appendix A: Comments on “heavy SUSY” scenarios

Although we have focused on mixed stops which can
be light enough to be produced at the LHC, let us briefly
consider the case of stops without mixing. For small
MS , we can compute the Higgs mass with FeynHiggs.
For larger MS , we use a one-loop RGE to evolve the
SUSY quartic down to the electroweak scale, computing
the physical Higgs mass by including self-energy correc-
tions [38, 39]. In Figure 6, we plot the resulting value of
mh as a function of MS , in the case of zero mixing. We
plot the FeynHiggs output only up to 3 TeV, at which
point its uncertainties become large and the RGE is more
trustworthy. One can see from the plot that accommo-

dating a 125 GeV Higgs in the MSSM with small A-terms
requires scalar masses in the range of 5 to 10 TeV.
A variation on this “heavy stop” scenario is Split Su-

persymmetry [40, 41], in which gauginos and higgsinos
have masses well below MS and influence the running of
�. In this case, the running below MS is modified by the
light superpartners, and the preferred scalar mass scale
for a 125 GeV Higgs can be even larger [42–44].
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FIG. 6. Higgs mass as a function of MS , with Xt = 0. The
green band is the output of FeynHiggs together with its as-
sociated uncertainty. The blue line represents 1-loop renor-
malization group evolution in the Standard Model matched
to the MSSM at MS . The blue bands give estimates of errors
from varying the top mass between 172 and 174 GeV (darker
band) and the renormalization scale between mt/2 and 2mt

(lighter band).

Higgs@125 GeV in the MSSM
+GMSB

M3 & 3 TeV, Mmess & 108 GeV



Summary so far

• MSSM + GMSB + Higgs@125  =>  highly constrained

• Messenger scale must be quite high.

• Gluinos must be very heavy.

• Squarks run tachyonic at a relatively low scale. Problems for cosmology? (Maybe 
not, see e.g. Riotto & Roulet ’95; Kusenko et al ’96; Carena et al ’08)

• Could be the way things are! 

• Motivates searches for 

• displaced vertices

• CHAMPs & R-hadrons

• EW production

• These are all areas where the LHC could improve markedly.



Can low-scale GMSB be saved?

• The  A-term problem is a more severe manifestation of a well-
known fact:  

• Gauge mediation does a horrible job of modeling the Higgs 
sector.

• Besides the A-term problem, there is also the long-standing μ/Bμ 
problem.

• Maybe these problems are not unrelated...

Question: can we write down a weakly-coupled model 
that generates large A-terms, μ and Bμ -- all at a low 

messenger scale?



Can low-scale GMSB be saved?

• As we will see, the answer is a resounding YES. 

• In this talk and the next, we will show how to construct and 
analyze a complete model of low-scale gauge mediation that 

• generates large A-terms

• mh=125 GeV

• a viable superpartner spectrum

• and mu and Bmu. 

• Our complete model is simple and economical and highly 
predictive.  We believe it’s the first of its kind.



Outline
• Part I (DS)

• Setting the stage: Higgs@125 in vanilla GMSB

• How to extend GMSB for large A-terms

• Analogy between the μ/Bμ and A/mH^2 problems

• Solution to the A/mH^2 problem

• A viable model of low-scale GMSB and mh=125

• Part II (NC)

• Confronting the μ/Bμ problem via the NMSSM 

• Challenges for NMSSM+GMSB

• Simultaneous solution to the μ/Bμ and A/mH^2 problems

• A complete model of low-scale GMSB, μ/Bμ, and mh=125

• Phenomenology & LHC expectations



Extending GMSB

• To generate mu, Bmu and A-terms at the messenger scale, the 
MSSM and the messengers must be directly coupled somehow.

• The trick is to do this without reintroducing FCNCs and spoiling 
the main success of GMSB!

• We will focus on weakly coupled messenger+spurion models.

• For the messengers, let’s consider the most general renormalizable 
superpotential (Cheung, Fitzpatrick & DS) 

• Add to this general Higgs-messenger couplings

• Integrating out the messengers will generate μ,  Bμ,  mHu2,  mHd2,  Au,   Ad at the 
messenger scale.

W = (�ijX +mij)�i�̃j , hXi = M + ✓2F

�W = �uijHu�i�̃j + �dijHd�i�̃j

(Other options exist, 
but this is the best for 

preserving flavor.)
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 X+MSSM

µ ⇠
Z

d4✓
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M

X†HuHd, Bµ ⇠
Z

d4✓
cBµ

M2
X†XHuHd

The A/mH2 problem 

• Viable models require: μ,  Au ~ 1-loop;  Bμ, mHu2 ~ 2-loops.

• This is not what one finds in general.  Instead,

So just as there’s a μ/Bμ problem, there’s an A/mH2 problem!

In fact, the A/mH2 problem is worse, because mH2 is a singlet 
under all global symmetries.

Note, these are problems of any perturbative messenger 
model for A, mu and Bmu. Not specific to GMSB.

cµ ⇠ cBµ ⇠ �u�d

(4⇡)2

cAu
⇠ cm2

Hu
⇠ �2

u

(4⇡)2

Au ⇠
Z

d4✓
cAu

M
X†H†

uHu, m2
Hu

⇠
Z

d4✓
cm2
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M2
X†XH†

uHu

✓
⇠ cAu

F

M
F †
Hu

Hu = cAu

F

M
Q�uuHu
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• Let’s restate the A/mH2  problem more precisely, using the 
effective Kahler potential.  

• At LO in SUSY breaking, the soft terms come from the 
derivatives of its wavefunction factors:

• If the Z’s are completely general functions, nothing will prevent 
Bμ, mHu2 from appearing at the same loop order as μ,  Au

The wavefunctions are 
in general divergent.

µ = F@XZµ, Bµ = |F |2@X@X†Zµ

Au = F@XZu, m2
Hu

= |F |2@X@X†Zu

Keff = Zu(X,X†,mij ,⇤)H
†
uHu + Zd(X,X†,mij ,⇤)H

†
dHd

+
�
Zµ(X,X†,mij ,⇤)HuHd + c.c.

�

The A/mH2 problem



MGM to the rescue

• There is one loophole to this: minimal gauge mediation! 
(Dine, Nelson et al ’93-’95) 

• If the only source of messenger mass is from X, one-loop mHu2 
will not be generated at leading order in SUSY breaking. 

• This phenomenon was noticed already in the early literature 
(Dine, Nir, Shirman ’96;  Dvali, Giudice & Pomarol ’96). But it was 
seen as a curiosity, an accidental cancellation.

• In fact, it is a direct consequence of the symmetries of MGM.

mij = 0 ) W = �X�i�̃i + �uijHu�i�̃j + �dijHd�i�̃j



MGM to the rescue

• Here is the general argument:

• Model has a U(1)R under which

• So must have

• Furthermore, at one-loop we can have at most a log divergence:

• So                                 vanishes! 

R(X) = R(Hu) = R(Hd) = 2, R(�) = R(�̃) = 0

Zu,d = Zu,d(XX†/⇤2), Zµ =
X†

X
Z̃µ(XX†/⇤2)

W = �X�i�̃i + �uijHu�i�̃j + �dijHd�i�̃j

Z(1)
u,d = a�2

u,d logXX†/⇤2, Z(1)
µ = �u�d

X†

X
(b+ c logXX†/⇤2

)

m2
Hu

⇠ @X@X†Z(1)
u,d



• Note that the same does not apply to                           . 

• Here one must work much harder in the same context (see e.g. 
Giudice, Kim & Rattazzi ’07)

• But if we turn off λd, then we can have a viable model of large A-
terms!  

• As we will see, this can be accomplished with a U(1)X symmetry 
which treats Hu and Hd differently.

Bµ ⇠ @X@X†Z(1)
µ

MGM to the rescue

Z(1)
u,d = a�2

u,d logXX†/⇤2, Z(1)
µ = �u�d

X†

X
(b+ c logXX†/⇤2

)



The A/mH2 problem redux

• So MGM solves the A/mH2  problem, rejoice! Low-scale GMSB is 
saved! 

• Wait a minute. Not so easy.... 

• Even after solving the main  A/mH2  problem, a residual problem 
remains. 

• For mh = 125 GeV, we have seen that we need At ~ mstop .

• Even if we find a way to kill mHu2 at one-loop, we will never be able to kill it at 
two loops. 

• So parametrically we expect mHu2  ~ At2  ~ mstop2. 

• If mHu2 is positive, this will ruin low-scale radiative EWSB! 



Model I: 
Low-scale GMSB with 

large A-terms



The model

• Most general superpotential consistent with

• Messenger number

• U(1)X : 

• i,j range over SU(3)xSU(2)xU(1) irreps.

• Messenger irreps consistent with SU(5) GUT:

• 5+5bar : 

• 10+10bar: 

qX(X,�i, �̃i, Hu, Hd) = (1,�1/2,�1/2, 1,�1)

W = �X�i · �̃i + �uijHu · �i · �̃j + ytHu ·Q · U + µHu ·Hd

(�1,�2,�3) = ((1,1, 0), (1,2, 1/2), (3,1,�1/3))

(�1,�2,�3) = ((3,1, 2/3), (3,2, 1/6), (1,1, 1))



The soft terms

• Schematically, we have

• Λ = F/M;   Neff=effective messenger number

One-loop, F/M^2 suppressed 
contribution is always negative! 
This will be the hero of our story! 
It’s crucial for EWSB at low 
messenger scales!!

Gauge couplings contribute 
negatively at two-loops. If 
messengers carry color, this 
can also help with EWSB

Messenger number helps with At/mstop ratio.

Au ⇠ �Neff↵�u

4⇡
⇤

�m2
Hu

⇠ Neff↵�u

4⇡

 
�
✓

⇤

M

◆2

+
Neff↵�u

4⇡
�

3X

r=1

cr↵r

4⇡

!
⇤2

�m2
t̃ ⇠ �Neff↵t↵�u

(4⇡)2
⇤2

Ultimate limiting factor: stop 
tachyon prevents us from 
making A term arbitrarily large

A-terms always 
negative. Is this a 
theorem?

Need λu ~ g3 ~ 1 to get At ~ mstop 



The KLLTY analysis

• This idea was explored recently in a paper of Kang, Li, Liu, Tong & 
Yang,1203.2336.

• For a model with a 10+10bar messengers, they found:

First, the pure gauge mediated contributions to the soft mass terms are

m2

f̃
= 2× 3

[

C3

(α3

4π

)2
+ C2

(α2

4π

)2
+ 2×

5

3

(
Y

2

)2 (αY

4π

)2
]

Λ2, (46)

M3 =
α3

4π
3Λ, M2 =

α2

4π
3Λ, M1 =

αY

4π
5Λ. (47)

As expected, the Higgs bridge fields receive extra contributions proportional to the

SU(3)C gauge coupling g23:

m2
Hu

=
3λ2

u

(16π2)2
[
6λ2

u − 4C3g
2
3 − 4C2g

2
2 − (13/15)g21

]
, (48)

m2
Hd

=
3λ2

d

(16π2)2
[
6λ2

d − 4C3g
2
3 − 4C2g

2
2 − (13/15)g21

]
. (49)

Due to presence of the new term, 6λ2
u can be reduced by a rather large portion (about ninety

percent if λu ! 1, and from Fig. 4 we can see that most samples lie in the λu < 1 region).

Thus, EWSB is viable. In addition, the soft masses in the stop sector are enhanced by

a color factor, which can be obtained simply through multiplying the expression given in

Eqs. (23) and (24) with a factor 3.

Numerically this model is even more attractive for its single parameter (tanβ = 25 is fixed

and simply set λd = 0). Here the messenger mass scale M is a rather important parameter

for the low energy phenomenology, and for comparison we take two cases M = 5× 108 GeV

and M = 5× 1012 GeV. Then some observations are obtained:

 0.8

 0.85

 0.9

 0.95

 1

 1.05

 1.1

 50  60  70  80  90  100  110  120  130  140  150  160

λ u

Λ (TeV)

mh: 120-123 GeV
mh: 123-126 GeV
mh: 126-130 GeV

 0.8

 0.85

 0.9

 0.95

 1

 1.05

 1.1

 1.15

 1.2

 0  50  100  150  200  250

λ u

Λ (TeV)

mh: 120-123 GeV
mh: 123-126 GeV
mh: 126-130 GeV

FIG. 4: Scatter plots of viable parameter space projected on the planes of λu versus Λ. The

messenger mass scale is fixed to be 5× 108 GeV for the left panel and 5× 1012 GeV for the right.

• From Fig. 4 we see that for a given Λ the value of λu can vary in a certain region

and a higher messenger scale is better for EWSB. In addition, a heavy Higgs usually

requires a large λu ∼ 1, as expected.
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• Kang et al were forced to take high messenger scales, because they 
did not include the one-loop, F/M^2 suppressed, negative 
contribution to mHu2. So they needed to run a long time for EWSB.

• By taking this into account, we can rescue low messenger scales!

Rescuing low-scale GMSB
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Figure 1. Plot of m2
Hu

vs ⇤/M , for ⇤ = 110 TeV, Nmess = 4, and �u = 0.1 (left panel) and �u = 1.1 (right
panel). The total value of m2

Hu
in the MSSM at the messenger scale (see (3.1)) is shown in black. The green,

red and yellow lines indicate the usual GMSB contribution, the one-loop contribution from �u, and the two-
loop contribution from �u, respectively. Finally, the dashed black line represents the value of m2

Hu
RG evolved

down to MSUSY . EWSB at large tan� requires m2
Hu

< 0 at the weak scale. We see that for large �u, EWSB
is achieved for su�ciently large ⇤/M due to the negative 1-loop contribution. For small values of �u EWSB
is achieved radiatively, as in MGM.

1. The 1-loop contribution was neglected in [26], but we will see that it significantly influences
theories with low messenger scales; it will also play an additional key role when we turn to the
NMSSM.

• Alternatively, there can be a significant reduction of the two-loop contribution itself, if the gauge
contribution in (3.3) is large enough to partially or wholly cancel the Yukawa contribution [26].
Since obtaining the physical Higgs mass through stop mixing requires �u & g

3

, among the Stan-
dard Model gauge couplings only g

3

is large enough to result in meaningful cancellation.9 Thus
if any of the messengers �

1

, �̃
1

, �
2

, �̃
2

are charged under SU(3)C , the two-loop contributions
to m2

Hu
may largely cancel among themselves for arbitrary messenger scale. Note that this is

impossible to arrange when the messengers transform as complete 5+ 5̄ multiplets, but may
occur if they transform as higher-rank representations such as 10+ 10. In this case, m2

Hu
is still

typically positive at the messenger scale, but is small enough to be driven negative by radiative
e↵ects before the weak scale. This e↵ect is illustrated in fig. 2.

4.2 EWSB in the NMSSM

The discussion of EWSB must be expanded somewhat for the NMSSM due to the additional singlet
degree of freedom in the Higgs sector; the introduction of a light singlet changes the vacuum structure of
the potential and introduces a number of new parameters into the conditions for electroweak symmetry
breaking. Fortunately, it is possible to develop a parametric understanding of the NMSSM vacuum in
certain simplifying limits, and that will su�ce for our purposes. We will find that the upshot remains
largely the same as in the previous subsection – for successful EWSB, we will need large negative m2

N

at the weak scale, and there is a window of low messenger scales in which the negative, one-loop, ⇤/M
suppressed contribution to m2

N ensures this. In what follows, our discussion will often mirror that of

9Also considered in [26] is the possibility that the messengers are charged under a strong hidden sector gauge group.
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Rescuing low-scale GMSB

mh=125 is easily possible, with Mmess~100 TeV and mstop~1.5 TeV.



For a given choice of Λ/M, can always achieve mh=125 by making Λ (and 
hence mstop) large enough. 

So if we solve mh=125 for Λ, we obtain a complete characterization of 
the model in the (λu , Λ/M) plane!
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Rescuing low-scale GMSB

For more detailed discussion of the spectrum and pheno, see Nathaniel’s talk!



Conclusion to Part I

• So far, what we have done can be viewed as a module to attach to 
any model of GMSB, e.g. GGM. 

• So we could in principle get mh=125 while preserving all the 
general signatures of low-scale SUSY-breaking.

• But what if we want to do something more minimal? Still need to 
get μ and Bμ somehow. 

• Challenging with the MSSM, for reasons mentioned above.

• But what about the NMSSM? In fact, this is an extremely natural 
direction!! 

• For the complete model of low-scale gauge mediation, stay tuned 
for Nathaniel’s talk...



The End


